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Presenter
Presentation Notes
Quite a challenge to map soils in remote and rugged terrain, such as in the San Rafael Swell of central Utah.
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Presenter
Presentation Notes
Motivational Slide: Use this slide to illustrate that additional physical information about a study area can be gained using remotely sensed data.  Both images are the same Landsat 7 ETM+ scene draped over the digital elevation model for the arid San Rafael Swell in Utah, where the San Rafael River dissects multiple geologic formations.  The upper image shows the area in visible light ( bands 3, 2, 1 = red, green, blue), similar to a photograph.  The lower image shows the area using bands 7, 5, 1 (the longer wavelength SWIR band, the shorter wavelength SWIR, and blue bands), which gives additional physical information on white-colored areas, which can now be distinguished as gypsic soils (blue) vs. rock outcrop.
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Presenter
Presentation Notes
Motivational Slide: Use this slide to illustrate that additional physical information about a study area can be gained using remotely sensed data.  Both images are the same Landsat 7 ETM+ scene draped over the digital elevation model for the arid San Rafael Swell in Utah, where the San Rafael River dissects multiple geologic formations.  The upper image shows the area in visible light ( bands 3, 2, 1 = red, green, blue), similar to a photograph.  The lower image shows the area using bands 7, 5, 1 (the longer wavelength SWIR band, the shorter wavelength SWIR, and blue bands), which gives additional physical information on white-colored areas, which can now be distinguished as gypsic soils (blue) vs. rock outcrop.



Overview
1. Models of soil formation and distribution 
2. Remotely sensed (RS) spectral data on 

biophysical properties
– Organisms
– Parent Material
– Soil

3. Spectral band ratios
4. RS in digital (predictive) soil mapping
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Presentation Notes
Overview



Factors of Soil Formation (Jenny 1941)
• Soils are a function of 5 environmental factors: 

S = f (Cl, O, R, P, T)
– Climate (Precipitation, Temperature)
– Organisms (Vegetation)
– Relief (Topography)
– Parent Material
– Time

• Conceptual model
– Traditional soil survey: “tacit knowledge”

Presenter
Presentation Notes
We’ll begin with a review of “The Factors of Soil Formation,” a seminal book by Hans Jenny published in 1941.  Jenny conceptualized soils (S) on a landscape as a function of five environmental factors: climate (cl), organisms (o), relief (r), parent material (p), and time (t). Conceptual models of soil formation have been used in traditional soil survey, usually based on interpretation of aerial photography with field verification of soils and associated landscape features.  These conceptual models of soil formation are sometimes called the soil mapper’s “tacit knowledge.”



Soil Forming 
Factors

• Often inter-related
– E.g., Circle Cliffs, UT 

• Arid climate (Cl)
• Pinyon-juniper 

community (O)
• Highly dissected 

landscape (R) 
• Fe-oxide-rich shale (P)
• Shallow, rocky soils (S)

• Feedbacks

Presenter
Presentation Notes
Use this slide to briefly summarize that some soil properties, vegetation, relief, parent material, climate and human factors can be represented by remotely sensed data.  Many properties related to relief  or microclimate can be represented by ancillary data derived from elevation. 
If time, lead a brief discussion on the independence vs. interdependence of potential environmental correlates.  Ask the students how remote sensing data might be used to quantify the relationship between vegetation, parent material, relief, and soil properties or class in the example from the Circle Cliffs in southern Utah.



SCORPAN (McBratney et al., 2003)
• Soil, at a specific point in space and time,

– Soil classes, Sc
– Soil attributes, Sa

• Empirical quantitative function of environmental 
covariates:
– Soil (class, directly or remotely sensed property, 

data from old maps)
– Climate
– Organisms
– Relief
– Parent Material
– Age
– N = Spatial Position

Presenter
Presentation Notes
To represent soil and the related environment factors in a spatial context and express these relationships quantitatively, McBratney et al. (2003) proposed the scorpan model: At a point in space and time, soil (as either soil classes, Sc, or soil attributes, Sa) is an empirical quantitative function of the soil (s, as a class or as a directly or remotely sensed property), climate (c), organisms (o), relief (r), parent material (p), age (a), and spatial position (n).  Emphasize that the key difference between Jenny’s model and SCORPAN is the spatial context and the quantitative nature of the functional relationships.



Organisms: Vegetation
• Plants primary 

producers of organic  
carbon

• Healthy green 
vegetation
– Reflects NIR (0.7-1.1 

µm)
– Chlorophyll absorbs 

visible (0.4-0.7 µm), 
especially red

• Dead/senescent 
vegetation 
– Reflects more in visible

Presenter
Presentation Notes
As we discussed in the potential correlates lecture, the “organism” environmental correlate is usually represented by vegetation.  Healthy green vegetation reflects near infrared (NIR) and absorbs visible electromagnetic radiation, especially in the red region.  Dead or senescent vegetation tends to reflect more in the visible region.  Shown is an irrigated alfalfa field with a saline spot with senesced salt grass vegetation, which reflects more visible light.  



Organisms: Vegetation

http://landsat.usgs.gov/tools_viewer.php

Absorbs
Red

Reflects Near Infrared (NIR)

Presenter
Presentation Notes
Shown is the spectra of lawn grass compared to Landsat bands 3 (Red) and 4 (Near Infrared, NIR) from the LCDM viewer available on the web at http://landsat.usgs.gov/tools_viewer.php  Green vegetation reflects NIR and absorbs Red wavelengths.



Organisms: 
Vegetation

• Relative abundance
– Normalized Difference 

Vegetation Index (NDVI)
– (NIR-Red)/(NIR+Red)
– Landsat: (4-3)/(4+3)

• E.g., Powder River, WY: 
NDVI
– Black = no vegetation 
– White = high vegetation 

density 
– Gray shades = intermediate 

vegetation density
• Darker, lower density
• Lighter, higher density

Presenter
Presentation Notes
The “organism” environmental correlate is usually represented by vegetation.  Remind students that green vegetation reflects near infrared (NIR) and absorbs red electromagnetic radiation can be exploited by remotely sensed data. Remote sensing data can be used to model the relative abundance of vegetation using the Normalized Difference Vegetation Index (NDVI).  The NDVI is a normalized difference ratio model of the near infrared (NIR) and red bands of a multispectral image.  Using Landsat TM or ETM+ data, the NDVI is determined by using bands 3 (Red) and 4 (NIR): NDVI = (4-3)/(4+3).  This results in values ranging from -1.0 to 1.0, where higher values indicate higher vegetation density.  The NDVI of an area of the Powder River Basin in Wyoming is shown in gray scale.  Point out that areas that are black have no vegetation (river water, highway), areas that are white have relatively high vegetation density (cottonwoods and thick grass adjacent to the river), and gray shades represent intermediate vegetation density, with darker gray areas having lower vegetation cover, and lighter gray areas having higher vegetation cover.



Organisms: Biological Soil Crusts 

• Community of organisms in 
upper few cm of soil
– Cyanobacteria
– Lichen
– Mosses
– Algae
– Other 

• Species, relative composition depends 
on parent materials, climate

• Cyanobacteria
– Phycobilin pigments increase 

reflectance in blue region (Karnieli 
et al., 1999)

Lichen-rich biological soil crust 
on gypsic soil near Moab, UT

Presenter
Presentation Notes
The “organism” environmental correlate in arid and semiarid regions may represented by biological soil crusts.  Biological soil crusts in the western USA are usually composed of cyanobacteria, lichen, and mosses.  They can also include algae and other organisms, depending on parent material and climate. The cyanobacteria in biological soil crusts have distinct spectral properties that have been addressed in the literature.  Most notably, the phycobilin pigment in cyanobacteria increases the reflectance in the blue region.  Reference: Karnieli A, Kidron GJ, Glaesser C, Ben-Dor E. 1999. Spectral characteristics of cyanobacteria soil crust in semiarid environments. REMOTE SENSING OF ENVIRONMENT 69 (1): 67-75.



Organisms: Biological Soil Crusts
Cyanobacterial Crust Index = (Red- 
Blue)/(Red+Blue) [left]
vs. NDVI [right]

Canyonlands National Park



Parent Material
• Spectral response of 

mineralogy varies 

• E.g. San Francisco Mts., 
Great Basin, UT:
– Sedimentary rocks
– Igneous intrusions
– Mixed basin fill

• Principle component 
analysis (PCA) of Landsat 
bands 1-5, 7:
– Igneous intrusion (andesite)
– Andesite influence on alluvium 

composition 

Presenter
Presentation Notes
The “parent material” environmental correlate can be represented by remotely sensed spectral data.  Mineral assemblages in different parent materials (rocks, sediments) will vary in spectral response. Mineralogy is particularly responsive in the short-wave infrared (SWIR) range of the electromagnetic spectrum, represented here and in the lab exercise by Landsat bands 5 and 7, and in the lab exercise as ASTER bands 4-9.  For example, the San Francisco Mountains in the Great Basin of southwestern Utah is characterized by mixed sedimentary rocks (mainly quartzite) intruded by igneous rocks (mainly andesite) with mixed basin fill (upper photo; arrow points up-fan to the igneous intrusion on the flank of the mountain).  The lower image shows the principle component analysis (PCA) of Landsat ETM+ bands 1-5 and 7, which helps distinguish the andesite intrusion from the sedimentary rocks, and shows the influence of andesite on the composition of the alluvium.



Parent Material and/or c) Soil
• Spectral properties of different minerals vary

http://ldcm.usgs.gov/tools_viewer.php

Calcite

Montmorillonite

Hematite

Short-wave Infrared (SWIR)

Presenter
Presentation Notes
The “parent material” environmental correlate can be represented by remotely sensed spectral data.  Mineral assemblages in different parent materials (rocks, sediments) will vary in spectral properties. Shown here are the spectra for calcite (calcium carbonate, CaCO3), montmorillonite (an expandable 2:1 layer silicate clay), and hematite (iron oxide, Fe2O3).  Some minerals, such as clay minerals, calcite, and gypsum are particularly responsive in the short-wave infrared (SWIR) range of the electromagnetic spectrum. 



Explore Spectral Libraries

• ASTER and USGS 
Spectral Libraries
– View plots

• Qualitatively compare 
spectra to band profiles

– Download spectral data 
files

• X = Wavelength 
(micrometers)

• Y= Reflectance  (percent)
• Plot spectra vs. wavelength 

band intervals of sensors
– Excel, etc.

Presenter
Presentation Notes
For both the ASTER and USGS Spectral Libraries, one may view plots, which allows qualitative comparisons between spectra and band profiles in Imagine.  One may also view and download the spectral files with x,y wavelength and reflectance data, which can then be plotted against wavelength band intervals of sensors.



Parent Material
• Simple or normalized band 

difference ratios 
– Customized

• E.g., Great Basin, UT: 
Landsat: (5-2)/(5+2)
– Darker = Igneous Rocks 

(Andesite)
– Lighter = Sedimentary Rocks 

(Dolomite, Quartzite)
– Fill sources varies, indicated 

by tone

Presenter
Presentation Notes
Other simple or normalized band ratios may be developed to exploit the variation in spectral signatures of different mineral assemblages in parent materials (rocks, sediments) and /or soils. For example, a normalized difference ratio of Landsat bands 5/2 can be used to distinguish sedimentary from igneous rocks.  Here, the Tonoquints volcanic field in the Great Basin of southwestern Utah is characterized by mixed sedimentary rocks intruded by igneous rocks with mixed basin fill (upper photo).  The lower image shows the gray-scale normalized difference ratio of Landsat TM/ETM bands 5 (SWIR) and 2, clearly distinguishing igneous rocks (darker areas, mainly andesite) from sedimentary rocks (lighter almost white areas, e.g., dolomite and quartzite), and may he helpful in distinguishing the dominant source of alluvium.



Soil
• Chemical, physical soil 

properties
• Surface, very near-surface

– Silicate clays
– Iron oxides
– Salts
– Gypsum
– Carbonates

• E.g., San Rafael Swell, UT
– Gypsum near soil surface

• Diagnostic spectrum in 
SWIR

– Landsat (5-7)/(5+7)

Presenter
Presentation Notes
“Soils” can be represented by remotely sensed data.  Chemical and/or physical properties of the soil surface of very near-surface may have diagnostic spectral properties.  These include silicate clays, iron oxides, various salts, gypsum, and carbonates.  For example, in the arid climate of the San Rafael Swell in central Utah, there are soils with an accumulation of secondary gypsum within a few centimeters of the soil surface (middle photo).  Gypsum has diagnostic spectral response in the short-wave infrared (SWIR) region (upper image), which is well represented by Landsat TM and ETM+ bands 5 and 7 (lower image).  In the upper image, pink and green boxes focus on the spectral response of gypsum that correspond to Landsat bands 5 and 7 in the lower image, also indicated by pink boxes.  A normalized difference ratio model of Landsat bands (5-7)/(5+7) was used to successfully map the occurrence of gypsic soils in this area.
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Presenter
Presentation Notes
Motivational Slide: We can use different band combinations to visualize our study area and gain additional physical information. Both images shown here are the same Landsat 7 ETM+ scene draped over the digital elevation model for the arid San Rafael Swell in Utah, where the San Rafael River dissects multiple geologic formations.  The upper image shows the area in visible light (bands 3, 2, 1 = red, green, blue), similar to a photograph.  The lower image shows the area in bands 7, 5, 1 (the longer wavelength SWIR band, the shorter wavelength SWIR, and blue bands).  This band combination gives additional physical information on white-colored areas, which can now be distinguished as gypsic soils (blue) vs. rock outcrop.  But, initially, how do we know which band combinations to view to explore our data?
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Relief
• Elevation

– E.g., Photogrammetric, 
IFSAR, LiDAR sources

• Ancillary data derived 
from elevation (many 
possible)
– Slope
– Curvature
– Wetness Index
– Ruggedness Index
– Aspect
– Landform
– Relative Elevation, etc.

• E.g., Powder River 
Basin, WY
– Elevation vs. Slope

Elevation:
Blue

 

= 1109m
White = 1141m

Slope:
Blue

 

= 0%
White = 128%

Presenter
Presentation Notes
The environmental correlate of “relief” can be represented by remotely sensed data.  Elevation is an important property of relief, and can be determined from several remote sensing sources, such as photogrammetric, IFSAR, and LiDAR sources.  Other properties of relief can be derived from elevation data.  These types of data are known as “ancillary data.”  Many types of ancillary data can be derived from digital elevation models: slope, slope length, curvature, wetness index, ruggedness index, aspect, landform, relative elevation, etc.  Shown are examples of elevation (upper image: blue is low elevation, white is high elevation) and slope, which was derived from the elevation data (DEM) (lower image: blue is level, white is extremely steep).  Point out that in this highly dissected landscape, the steepest slopes are in the mid-elevation ranges.



Climate
• Elevation

– E.g., Photogrammetric, IFSAR, LiDAR sources
• Regional climate models (ancillary data)

– E.g., PRISM Data 
• http://www.prism.oregonstate.edu/

• Solar radiation models (ancillary data)
– Several available

• E.g., ArcGIS used to calculate annual, monthly 
solar radiation

Presenter
Presentation Notes
Climate can be approximated in some areas by elevation.  Regional climate models and data are also available, e.g., PRISM data available on the web at http://www.prism.oregonstate.edu/ .  Solar radiation models are also available, e.g., the model in ArcGIS used to calculate annual solar radiation for the San Bernadino Wash (see Lab 11), which is the project area for this course.



Human Factors
• Humans alter landscape 

and landcover
– E.g., Las Vegas, NV

• Destroy petrocalcic horizon
• Irrigation alters

– Soil properties
– Hydrology

• Image sequence
– Age

• Landuse
– Soil properties

• E.g., Desirable soil properties 
in agricultural areas

Landsat
2000

ASTER
2004

Presenter
Presentation Notes
While not often considered a soil forming factor or SCORPAN environmental covariate, humans play an important roles in altering the landscape and/ or land cover.  As a result soil properties (attributes), soil classes and land use may change significantly.  One example is the northern part of the Las Vegas, Nevada, shown on the right in a visible color Landsat 7 ETM+ image form 2000 and an ASTER VNIR image from 2004.  Humans have urbanized the arid desert landscape, and created significant green space via irrigation. In many areas, the well-developed petrocalcic horizon has been destroyed.  Irrigation has also altered soil properties (e.g., leaching salts out of soils) and the regional hydrology (raising water tables, disruption of natural water flow patterns, etc.).  Human alterations of the landscape and land cover may also indicate soil properties.  For example, the conversion of part of the land into agriculture may indicate the soils in that area have desirable properties, such as lower rock contents or lower level of salinity.




Remote Sensing in Soil Survey

• Powder River 
Basin, Wyoming, 
USA
– 60,000 ha east of 

Big Horn Mountains
– Energy development 

on public lands



Identify soil-
landscape units



Environmental Covariate Data 
Layers

• Relief
– DEM-derived data

• Slope, aspect, relative elevation, 
compound topographic index (CTI), 
Landform Index

• Organisms
– Landsat

• Fractional Vegetation Index (FVI) - %
– Uses Normalized Differenced 

Vegetation Index (NDVI)

• Parent Material
– Landsat: Simple Band Ratios

• Soil Enhancement Ratio
– Band 3/ Band 2: Carbonate radical
– Band 3 / Band 7: Ferrous iron
– Band 5 / Band 7: Hydroxyl radical

Relief:
Slope

Relief: 
Relative 
Elevation

Relief: 
Compound 
Topographic
Index



Knowledge Engineer in Imagine



Rules used in knowledge-based decision tree classification for generalized soil associations and 
the eight specific map unit classes evaluated in the accuracy assessment. 

Map Unit 
Number Class Name Classification Rules 

Generalized Associations 

NA Fluvial Soils Relative elevation to Powder River <= 6m and slope < 2%, 
or, <= 3m from Powder River, or <= 5m in height and <=50m 
distance of small streams. 

NA Badland soils Soil enhancement band 2 (iron) >= 67 and slope >= 8% and 
not Fluvial Soils 

NA Uplands Relative elevation to Powder River >= 60m and not Fluvial 
and not Badland Soils 

NA Alluvial fans Not Fluvial and not Badland and Not Upland Soils 

Specific Map Units 
938 Water Ten meter buffer of Powder River Line Coverage. 

611 Draknab sandy loam, 0-3% 
slopes 

Fluvial soils = true and soil enhancement band 2 > 113 and 
relative elevation to Powder River <= 5m, or, fluvial soils = 
true and relative elevation to Powder River <= 1 and 
orthophoto value > 150 in blue band, does not meet the 
requirements of any previous decision. 

613 Haverdad-Kishona loams, 
0-3% slopes 

Fluvial soils = true and Relative elevation to the river >= 
10m, or fluvial soils = true and slopes > 6%, does not meet 
the requirements of any previous decision.  

616 Clarkelen-Draknab complex, 
0-10% slopes 

Fluvial soil = true and Near infrared Landsat > 60 and 
Fractional vegetation > 38, or, Fluvial soils with CTI < 1, 
does not meet the requirements of any previous decision. 

612 Clarkelen fine sandy loam, 
0-3% slopes 

Fluvial soils = true and fractional vegetation > 34, does not 
meet the requirements of any previous decision 

649 Haverdad-Clarkelen 
complex, 0-3% slopes 

Other fluvial soils dominated (dominated by sage and grass 
community), does not meet the requirements of any 
previous decision. 

684 Samday-Shingle-Badland 
complex, 10-45 % slopes 

Badland soils with slopes >= 15 and mean slope length 
factor > 1.85, or, badlands having slopes > 50 %, does not 
meet the requirements of any previous decision. 

709 Theedle-Shingle loams, 3 to 
30 % slopes,  

Badland soils = true and mean slope length factor > .8 and < 
1.75, does not meet the requirements of any previous 
decision.  

 

Final Map and 
Rules Defining Map Units

Rules used in knowledge-based decision tree classification for generalized soil associations and 
the eight specific map unit classes evaluated in the accuracy assessment.

Map Unit 
Number Class Name Classification Rules

Generalized Associations

NA Fluvial Soils Relative elevation to Powder River <= 6m and slope < 
2%, or, <= 3m from , or <= 5m in height and <=50m 
distance of small streams.

NA Badland soils Soil enhancement band 2 (iron) >= 67 and slope >= 8% 
and not Fluvial Soils

NA Uplands Relative elevation to >= 60m and not Fluvial and not 
Badland Soils

NA Alluvial fans Not Fluvial and not Badland and Not Upland Soils

Specific Map Units

938 Water Ten meter buffer of Powder River Line Coverage.

611 Draknab sandy loam, 0- 
3% slopes

Fluvial soils = true and soil enhancement band 2 > 113 
and relative elevation to Powder River <= 5m, or, fluvial 
soils = true and relative elevation to <= 1 and orthophoto 
value > 150 in blue band, does not meet the 
requirements of any previous decision.

613 Haverdad-Kishona loams, 
0-3% slopes

Fluvial soils = true and Relative elevation to the river >= 
10m, or fluvial soils = true and slopes > 6%, does not 
meet the requirements of any previous decision. 

616 Clarkelen-Draknab 
complex, 0-10% slopes

Fluvial soil = true and Near infrared Landsat > 60 and 
Fractional vegetation > 38, or, Fluvial soils with CTI < 1, 
does not meet the requirements of any previous 
decision.

612 Clarkelen fine sandy loam, 
0-3% slopes

Fluvial soils = true and fractional vegetation > 34, does 
not meet the requirements of any previous decision

649 Haverdad-Clarkelen 
complex, 0-3% slopes

Other fluvial soils dominated (dominated by sage and 
grass community), does not meet the requirements of 
any previous decision.

684 Samday-Shingle-Badland 
complex, 10-45 % slopes

Badland soils with slopes >= 15 and mean slope length 
factor > 1.85, or, badlands having slopes > 50 %, does 
not meet the requirements of any previous decision.

709 Theedle-Shingle loams, 3 
to 30 % slopes, 

Badland soils = true and mean slope length factor > .8 
and < 1.75, does not meet the requirements of any 
previous decision. 



Digital (Predictive) Soil Mapping
• Objective field sampling methods 

– Conditioned Latin Hypercube Sampling
• Environmental covariates

– Remote sensing of biophysical properties
• Models for predicting soil distribution

– Objective
– Quantitative
– Estimate uncertainty of predictions

• Developing products
– Derive maps to meet client needs


